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This paper demonstrates a method for the fabrication of patterned surfaces using hairpin 
oligonucleotides carrying a novel photolabile group at the apex of the loop. Photolysis of 
surfaces carrying photolabile hairpin oligonucleotides results in the formation of areas 
carrying single-stranded DNA sequences that direct the deposition of the complementary 
sequence at the photolyzed sites. The non-photolyzed areas carrying the intact hairpin do 
not bind to complementary sequences due to the presence of the more stable intra-
molecular hairpin duplex.  The photolithographic process was performed on silicon 
wafers and followed by atomic force microscopy and epi-fluorescent microscopy. The 
method described offers an attractive option for the fabrication of biologically interfaced 
patterned surfaces with specific recognition properties with potential uses in electronics 
and as biosensors. 
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1. Introduction.  
 
There is a growing interest in the development of efficient methods to self-organize nanoscale 
components such as nanoparticles, nanotubes and biomolecules onto surfaces to fabricate 
nanostructured systems for electronic or biological or sensing applications [1-4]. Hybrid top-
down/bottom-up processes, which combine the precision of lithographic techniques and the 
parallelism of self-assembly have been actively pursued in order to create patterns on silicon 
surfaces functionalized with self-assembled monolayers (SAMs) [5-7]. However, the ability 
to organize biomolecules such as DNA on surfaces such as glass [8, 9] and gold [10-12] is an 
area of increased interest. Recent advances in the development of techniques to integrate 
semiconductor technology with biomolecules has allowed the possibility of utilizing the key 
specific recognition properties of biomolecules to assemble functional devices based on DNA 
to semiconductor surfaces [13]. The highly specific recognition of complementary strands of 
oligonucleotides is an ideal way of carrying out highly controlled, precise, species specific 
self-assembly, where only a specific component carrying the complementary sequence to the 
surface bound sequence will assemble to that location [14-16]. 
Methods used previously to pattern surfaces with oligonucleotides have included pre-
patterning of the underlying silicon layer by micron-scale UV light exposure of hydrogen-
terminated silicon (100) coated with alkenes functionalized with N-hydroxysuccinimide ester 
groups. The resultant N-hydroxysuccinimide ester surfaces act as a template for the 
subsequent covalent attachment of DNA oligonucleotides [17]. A similar affect can be 
achieved by pre-patterning self-assembled monolayers on silicon surfaces by electron beam 
lithography [18]. Other methodologies have utilized soft lithographic techniques such as 
contact printing to pattern DNA on surfaces [19]. By introducing the method for patterning of 
the oligonucleotides surfaces into the DNA oligonucleotide themselves, by way of a 
photolabile group, a more robust surface patterning technique can be achieved with the 
possibility for multiple exposure and hybridization steps once the oligonucleotides are in-situ, 
as opposed to a single patterning step before attachment of the oligonucleotides. 
To template the deposition of oligonucleotide sequences to surfaces to create 
functional structures, an appropriate surface patterning technique is required, which allows for 
robust coupling of the oligonucleotide sequences to the surface. One method to create these 
patterns is by exposure of thiol-stabilized gold NPs supported on silicon wafers to UV light 
leading to oxidation of the thiol and coagulation of the NPs [20], or photo-crosslinking of C60 
derivatives [21], forming dense structures that are resistant to removal by organic solvents. 
Methods exist to further derivatize gold surfaces such as those formed, with oligonucleotide 
sequences [11, 22, 23]. Alternatively it is possible to modify a specific region of a surface 
introducing chemical functionality to direct the adsorption of particulate species. As an 
example, SAMs carrying 4-nitrophenoxy head-groups can be converted to 4-aminophenoxy 
groups by electron-beam and X-ray irradiation [24]. Selective deposition of citrate-passivated 
gold nanoparticles (NPs) to the chemically patterned surfaces can subsequently be achieved 
due to the affinity of negatively charged gold NPs to protonated amino groups at the surface. 
The ability to deposit further particulate species to chemically patterned substrates is a robust 
method for nanostructuring surfaces, as the only change to the surface upon patterning is 
chemical and not physical. 
In an effort to further develop the technique of precision chemical engineering [1], 
this paper describes the attachment of hairpin oligonucleotides to amino functionalized 
surfaces. Photolithography of the substrates results in the cleavage of the o-nitrobenzyl 
photolabile group at the apex of the hairpin. Subsequent washings lead to the formation of 
areas with a single-stranded oligonucleotide on the surface. It is then possible to site 
selectively hybridise complementary oligonucleotide sequences carrying fluorescent 
molecules or NPs (Scheme 1). In this way the selective deposition of fluorescent molecules or 
NPs at the photolyzed sites can be achieved, allowing further control of the assembly of nano-
building blocks to surfaces. 
 
2. Experimental section 
 
2.1. Materials. 
Silicon wafers (Si/SiO2) were purchased from Virginia Semiconductors Inc and were of the 
type: a) <111> orientation, b) resistance of 1-10 Ω cm-1, c) 100nm (+ 5%) thick oxide layer 
on both sides and d) polished on one side.  All commercially available chemicals and solvents 
were purchased from Fisher Scientific and Sigma Aldrich and used as supplied. Ultra high 
purity (UHP) H2O was purified using a UHQ filtration system and used with resistivity > 18 
MΩ cm-1. 
 
2.2. Oligonucleotide synthesis. 
Oligonucleotide sequences A: 5’-CTC AAT GAC TCG TT-X-TTC GAG TCA TTG AGT 
CAT TTT T-hexyl-NH2-3’ (X= photolabile linker) and the partially complementary sequence, 
B: 5’-TGACTCAATGACTCG-propyl-SH-3’ were prepared using solid-phase methodology 
as described previously [25]. The photolabile phosphoramidite (PC spacer-CE 
phosphoramidite, Link Technologies) was used for the introduction of the photolabile 
functionality [25]. For the introduction of an amino group at the 3’-end, the 3’-amino-
modifier C7 controlled pore glass (CPG) (Glen Research) was used. For the introduction of 
the thiol group at the 3’-end, the 3’-thiol-modifier CPG (Glen Research) was used. The 
syntheses were performed on an Applied Biosystems Model 3400 DNA synthesizer using 0.2 
and 1 μmol scales. After the assembly of sequences, ammonia deprotection was performed 
overnight at 55 ºC. Oligonucleotide carrying the thiol group was deprotected with 
concentrated ammonia containing 0.05M 1,4-dithiothreitol (DTT) (16 hrs, 55ºC) and desalted 
with Sephadex G-25 (NAP-10) prior use. Oligonucleotides were purified by reverse-phase 
HPLC [25].  
The oligonucleotide sequence B carrying 10 nm gold nanoparticles was obtained by 
reaction of the thiol-oligonucleotide with citrate-stabilized 10 nm gold nanoparticles. The 
complementary oligonucleotide and 10 nm particles were conjugated using a similar protocol 
to that first described by Mirkin and Letsinger  [26]. 
The oligonucleotide sequence B carrying rhodamine was obtained by reaction of the 
3’-thiol-oligonucleotide with tetramethylrhodamine 5-maleimide (Fluka). The deprotected 
thiol-oligonucleotide (0.5 ml) was added to a large excess of maleimido-rhodamine (1 mg) 
and the reaction allowed continuing for 4 hours at room temperature. After which the solution 
was concentrated to dryness and then redissolved in 0.5ml water. The solution was then 
purified in a NAP-5 (Sephadex G-25) column and the conjugated rhodamine-complementary 
oligonucletide was separated from the excess maleimido rhodamine. The desired rhodamine- 
oligonucleotide was further purified by HPLC [25].  
 
2.3. Equipment preparation. 
Glassware was immersed in piranha solution (70% H2SO4, 30% H2O2), rinsed and then 
sonicated in Ultra High Purity water (UHP H2O, resistivity 18 MΩ cm-1) followed by drying 
in an oven at 127 ºC for 30 minutes. Finally the glassware was rinsed and sonicated in ethanol 
for 30 minutes before being dried in the oven at 127 ºC for 24 hours prior to use. Clean plastic 
equipment was rinsed with UHP H2O for 30 minutes followed by rinsing with ethanol and a 
final sonication in ethanol for 30 minutes.  
 
2.4. Silicon substrate cleaning. 
A silicon wafer was cut into 1cm2 squares. They were rinsed with ethanol to clear the surface 
of any dust produced by the cutting process. The 1cm2 squares were then immersed in piranha 
solution at 90-100 ºC for 60 minutes. Once cooled, the piranha solution was rinsed off the 
substrate with UHP water and each one was sonicated in RCA solution (UHP water; 30% 
H2O2; NH4OH in a ratio 5:1:1) for 60 minutes. Sonication in RCA at this stage functionalizes 
the surface with hydroxyl groups to allow monolayer formation. Repeated rinsing of the 
substrate in UHP water finishes the cleaning procedure. The substrates were stored in UHP 
water and used within 2 days to minimise loss of surface hydroxyl groups. 
 
2.5. Preparation of aminopropylsilane functionalized self-assembled monolayers (APTMS-
SAM) . 
The cleaned silica substrates were transferred from UHP H2O into anhydrous ethanol by 
stepwise exchange from H2O to ethanol with mixtures in the ratio 3:1, 2:2, 1:3, pure ethanol 
and finally anhydrous ethanol. The wafers were then immersed into a 0.5 mM solution of (3-
aminopropyl)-trimethoxysilane (APTMS) in anhydrous ethanol (5 ml) under a N2 atmosphere 
and sonicated at room temperature for 1 hour. The substrates were rinsed for 20 seconds each 
with ethanol and chloroform, followed by sonication of the wafers twice in fresh ethanol and 
a final rinsing with ethanol and chloroform. Each sample was then dried under a stream of 
nitrogen and cured at 120 ºC for 30 minutes under vacuum to promote cross-linking of the 
SAM’s  
 
2.6. Coupling of the photolabile hairpin oligonucleotide to APTMS SAM using p-
phenylene diisothiocyanate (PDITC). 
APTMS SAMs were treated with a 0.2% solution of PDITC in 10% pyridine / N,N-
dimethylformamide (DMF). After incubation, samples were washed with methanol and 
acetone and stored in a vacuum dessicator. 
A solution carrying 0.68 O.D. units at 260 nm of the photolabile-hairpin-NH2 
(sequence A) in sodium borate buffer (pH 8.0) was prepared and drop cast onto substrates and 
incubated at 37° for 2 hours. Samples were then washed with 1% NH4OH, copious amounts 
of UHP H2O and methanol. Samples were then dried under a thin stream of N2 and stored in 
vacuum desiccator. 
 
2.7. Photolysis of silica substrates functionalized with the hairpin oligonucleotide. 
Silica substrates functionalized with hairpin oligonucleotides were photolyzed using a 
Mercury lamp (Black Eye lamp, 340 nm) for 30 min. Followed by washing with 200 mM 
sodium hydroxide and water. 
 
2.8. UV photolithography. 
UV photolithography was carried out using a Suss Microtech MJB4 mask aligner, samples of 
APTMS SAMs functionalized with the hairpin oligonucleotide were irradiated from 5 sec to 1 
min with a high intensity UV lamp (340 nm). A mask of vinyl acetate was used for the 
patterning. After irradiation substrates were washed with 0.2 M NaOH, followed by washing 
with water and drying under Ar. Before hybridization the substrate was washed with 1 x SSC 
and dried under argon. To deactivate remaining isothiocyanate groups the substrates were 
treated with 50 mM 6-amino-1-hexanol and 150 mM N,N-diisopropylethylamine in DMF for 2 
h and subsequently rinsed with DMF, acetone and dried under argon. 
 
2.9. Surface hybridization of complementary oligonucleotide. 
A sample of 10μM complementary rhodamine labelled oligonucleotide in hybridization buffer 
(6x SSC, 0.1% SDS, water) was prepared. Hybridization was carried out for 2 h at room 
temperature, followed by washing with 6 x SSC, 2 x SSC and water. 
 
2.10. Surface characterization. 
Samples were analyzed via dynamic contact angle measurements, ellipsometry, AFM and epi-
fluorescence microscopy. 
 
2.10.1. Contact angle. Water contact angle analysis was carried out using the sessile drop 
method on a home built contact angle apparatus equipped with a CCD camera attached to a 
PC for image capture. Contact angles are quoted as the average advancing (Av Adv) and 
receding (Av Rec) angles from images analysed with software from FTÅ for 5 locations on 
the same substrate. 
 2.10.2. Spectroscopic ellipsometry. Spectroscopic ellipsometry was carried out using a 
Jobin-Yvon UVISEL spectroscopic ellipsometer with a white light source. The angle of 
incidence was fixed at 70º and a wavelength range of 250-800 nm was used. Ellipsometric 
thicknesses were estimated from data taken from a fresh surface in 5 locations and modeled 
against a cauchy oscillator model. 
 
2.10.3. Atomic force microscopy (AFM). AFM topography analysis was carried out using a 
multimode Nanoscope IIIA (Digital Instruments, Santa Barbara, CA) in tapping mode using 
etched silicon probes. 
 
2.10.4. Epi-Fluorescence Microscopy. Epi-fluorescence images were acquired using a Nikon 
Eclipse e1000, with a G-2A filter equipped with a Roper coolSNAPfx ccd camera. Images 
were captured at 20x or 40x in air. Image analysis was carried out using imageJ software and 
average fluorescence intensities were calculated over the whole image. 
 
3. Results and discussion 
 
3.1. Design of the photolabile hairpin oligonucleotide. 
The aim of the work was to prepare and use an oligonucleotide hairpin having a 
photolabile group in the apex of the hairpin to fabricate patterns on surfaces.  In a previous 
work we studied the synthesis and photolysis of peptides and oligonucleotides 
carrying nitrobenzyl groups in the middle of the sequence [25]. When a photolabile 
group was introduced in the loop of an intramolecular oligodeoxynucleotide hairpin 
the intramolecular duplex was converted to an intermolecular duplex with a lower 
thermal stability [25]. These results suggested that it may be possible to use the 
photolabile DNA hairpins for the fabrication of patterned surfaces.   
To this end we synthesized and immobilized these hairpins to silicon surfaces. Light 
was used to break the photolabile bond at the loop. In this way half of the hairpin was 
removed, thus generating areas with an oligonucleotide in single-stranded form (scheme 1). 
The single-stranded oligonucleotide regions can be selectively addressed by the 
complementary strand allowing the immobilization of new molecules or nanomaterials at 
specific sites. 
The photolabile hairpin oligonucleotide sequence A (5’-CTCAATGACTCGTT-X-
TTCGAGTCATTGAGTCATTTTT-hexyl-NH2-3’, X = photolabile linker) was synthesised 
as described previously [25]. A covalent interaction of the oligonucleotide with the surface is 
the preferred method for attachment of such biomolecules to surfaces to ensure that the 
biomolecules are not desorbed during further fabrication steps [27]. Oligonucleotide A 
contains an amino group at the 3’ end [28] followed by 5 thymidines allowing for attachment 
of the oligonucleotide to surfaces formed from amine-terminated SAMs. The oligonucleotide 
has a self-complementary sequence of 15 base pairs linked by a tetrathymidine loop. In the 
middle of the loop there is a photolabile 2-nitrobenzyl group. The phosphoramidite shown in 
Scheme 2 was used for the introduction of the photolabile 2-nitrobenzyl group at point X in 
the hairpin (scheme 1). After ammonia deprotection, the resulting oligonucleotide was 
purified by reverse-phase HPLC. 
 
3.2. Silicon surface preparation & characterization 
Cleaned silicon wafers were functionalized with 3-aminopropyltrimethoxysilane (APTMS) as 
described previously [29], allowing the formation of amino-terminated surfaces. The APTMS 
SAM (-NH2, scheme 1, Step 1) surfaces were then treated with PDITC to form isothiocyanate 
terminated surfaces (-SCN, scheme 1, Step 2) [30-32]. These surfaces were then coupled with 
the –NH2 terminated photolabile hairpin oligonucleotide A to form the –OLIGO terminated 
surfaces (scheme 1, Step 3).  
Dynamic contact angle measurements of APTMS SAM surfaces gave average contact 
angles of 66º + 7º (Av Adv) and 42º + 4º (Av Rec), which were slightly higher than some 
literature values for SAMs fully terminated with NH2 groups [33]. Ellipsometry 
measurements showed average APTMS thicknesses of 0.88 nm ± 0.1 nm, which is also 
comparable to the estimated molecule length (0.69 nm, Chem3D Software), (Table 1), 
therefore excluding the formation of multilayers as a reason for the slightly higher than 
expected contact angle values. It is believed that the high contact angle values are therefore 
due to some disorder being present within the SAM structure. 
Dynamic contact angle measurements of –SCN terminated surfaces revealed an 
increase in contact angle upon formation of –SCN terminated surfaces, which is in good 
agreement with previously seen behaviour (table 1) [30]. Ellipsometry of the –SCN 
terminated surfaces revealed a thickness of 1.2 nm ± 0.2 nm, which is comparable with the 
estimated thickness of the molecule (1.6 nm, Chem3D Software). 
Dynamic contact angle measurements of –OLIGO terminated surfaces revealed a 
decrease in contact angle upon formation of –OLIGO terminated surfaces (table 1). The 
contact angle obtained closely resembles that of the APTMS SAM. We can attribute this 
similar contact angle to the polar nature of the oligonucleotide and hairpin link added to the 
surface. The thickness obtained from ellipsometry measurements (10.8 nm) is slightly longer 
than the estimated length of the oligonucleotide. However, this estimated length does not take 
into account the length of the photolabile group. 
X-ray photoelectron spectroscopy of the silicon based substrates in the region for N 
(1s) showed the presence of 2 peaks for the APTMS functionalized surfaces (figure 1). The 
peak at approx 400 eV is thought to originate from the NH2 species of the APTMS and the 
second peak at approx 401.5 eV is thought to originate from the protonated form of the 
APTMS SAM (NH3+) [30]. The two peaks are approximately in a ratio 1:1, indicating a 50/50 
split in amount of both at the surface. For the –SCN terminated surfaces, the peak at approx 
400 eV is seen to shift and slightly broaden, agreeing with the addition of more nitrogen 
species ((R(NH)R & C=N-R). The two N1s peaks then exist in a ratio of 3:1, indicating that 
addition of the PDITC species may only occur on 50% of the surface N atoms, possibly due 
to disorder in the SAM and steric interactions of the PDITC molecule. This observation 
would also agree with the contact angle values for the NH2 SAMs showing a slightly 
disordered SAM. It is believed however that such spacing of the PDITC moieties may be 
advantageous, as there will be a suitable spacing achieved for the oligonucleotide grafting. 
Examination of the addition of the oligonucleotide to the silicon surfaces was inconclusive 
due to broadening of the nitrogen peak, especially in the region between the NH2 and NH3+ 
regions, consistent with the addition of multiple nitrogen species and especially (N-(C=O)-N) 
from the high levels of thymine present in the oligonucleotide [30]. 
AFM images of the –SCN and -OLIGO functionalized surfaces are shown in figure 2 
(Steps 2 & 3). Upon attachment of the hairpin oligonucleotide to the surface, there is an 
increase in the surface Rms (Root mean square) roughness from 0.214 nm to 0.659 nm due to 
the presence and orientation of the hairpin oligonucleotide. The low value for the roughness 
of the APTMS layer is also further evidence of some disorder of the APTMS chains giving 
rise to an apparent smoothing of the underlying surface. 
 
3.3. Surface photolysis 
Upon photolysis of oligonucleotide functionalized surfaces, AFM images show a decrease in 
Rms roughness from 0.659 nm to 0.384 nm (figure 2, step 5). This decrease may be attributed 
to the formation of a single stranded oligonucleotide on the surface, which has a shorter 
persistence length caused by self-coiling of the single stranded oligonucleotide. Ellipsometry 
analysis showed a drop in oligonucleotide layer thickness to 1.3 ± 0.6 nm after photolysis and 
rinsing, which is consistent with photolysis of the photolabile hairpin group and collapse of 
the single stranded oligonucleotide. 
Hybridization of the photolyzed surfaces with complementary oligonucleotide 
labelled with rhodamine (figure 4, step 6a) or gold nanoparticles (figure 4, step 6b) produced 
an increase in roughness seen by AFM (Rms 1.062 & 1.449 nm respectively). The roughness 
of the nanoparticle surface appears greater than the rhodamine labeled surface due to the size 
difference between the 5 nm gold NPs and the molecular size rhodamine label. The 
rhodamine labeled surface appears of a similar roughness to the original non-photolyzed 
sample by AFM, due to the return of a double stranded oligonucleotide on the surface and its 
associated increase in persistence length. Epifluorescence images of the surfaces showed a 
strong fluorescent signal from the sample hybridised with the complementary rhodamine 
oligonucleotide (figure 3). After denaturing using NaOH the fluorescence decreases 
dramatically, indicating nearly complete removal of the rhodamine labelled oligonucleotide 
from the surface and the ability to disassemble the hybridized structures after they have been 
formed. The surfaces treated with NaOH were hybridized a second time with the 
complementary rhodamine oligonucleotide and the surfaces showed again a strong 
fluorescent signal. We have performed three cycles of hybridization and denaturation without 
apparent loss of fluorescence indicating the robustness of the immobilization method and the 
reversibility of the denaturation process. 
 
3.4. Photopatterning. 
Patterning experiments of silicon oxide surfaces carrying hairpin-oligonucleotides by UV 
photolithography were performed. Samples of silicon oxide surfaces functionalized with the 
hairpin oligonucleotide were irradiated from 5 sec to 1 min with a high intensity lamp through 
a calibration mask of vinyl acetate with lines ranging from 4 to 170 μm. After irradiation, 
substrates were washed and hybridized with complementary rhodamine labelled 
oligonucleotide or gold nanoparticles. Best results were obtained with 1 min irradiation time. 
Figure 4a shows a fluorescent strip observed by epifluorescence. The pattern of 4 lines from 
the mask was easily observed, although there is some fluorescence background due to non-
specific adsorption. A similar experiment was performed using the complementary 
oligonucleotide linked to 5 nm gold NPs. The pattern of the mask formed by gold NPs on the 
surface could be easily observed with lateral light (figure 4b). Although most of the NPs were 
in the photolyzed areas, some NPs were observed by AFM in the non-photolyzed areas due to 
non-specific adsorption. Further work is needed to reduce non-specific adsorption in non-
photolyzed areas by using blocking agents such as polyethyleneglycol or albumine or by 
increasing the length of the oligonucleotide. 
 
4. Conclusions 
 
In summary, we have shown that a hairpin oligonucleotide carrying a photolabile group at the 
loop provides a simple route for the formation of micrometer-scale patterns on silicon wafers. 
The process allows for patterning of DNA oligonucleotides in-situ, negating the need for a 
pre-patterning step on the surface if required. The ability to attach photolabile 
oligonucleotides to amino-terminated semiconductor surfaces allows existing techniques for 
chemically patterning semiconductor surfaces to be further exploited in the formation of 
nanostructured surfaces comprised of SAMs and DNA oligonucleotides. Exposure of surfaces 
functionalized with the hairpin to UV light causes the formation of areas functionalized with 
single stranded oligonucleotides that direct specific deposition of fluorescent compounds or 
NPs using the complementary oligonucleotide sequence. Due to the specific self-assembling 
properties of DNA and the existing methods for the synthesis of oligonucleotides it is 
expected that the set of methods described here may find a wide use for the fabrication of 
functional nanostructured systems for electronic, biological and sensing applications. 
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Table 1. Water contact angles and thickness of functionalized silicon surfaces. 
 
Surface Type Contact Angle 
(Av Adv) 
Contact Angle 
(Av Rec) 
Ellipsometry 
Thickness (nm) 
Expected 
Thickness (nm) 
-APTMS 66 ± 7 42 ± 4 0.88 ± 0.1 0.69 
-SCN 78 ± 6 51 ± 4 1.2 ± 0.2 1.6 
-OLIGO 66 ± 3 39 ± 2 10.8 ± 0.7 8 
 
 
 
Scheme 1. Scheme of the silicon surface preparation process, photolysis and 
subsequent hybridization of either rhodamine or gold nanoparticles labeled 
complementary sequence as the basis for photopatterning. 
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Scheme 2. Synthesis and photocleavage of the hairpin oligonucleotide carrying the 2-
nitrobenzyl group (DMT, dimethoxytrityl group). 
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Figure 1. N (1s) X-ray photoelectron spectra of silicon oxide surfaces functionalized 
with –NH2, and -SCN terminal groups. 
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Figure 2.  AFM images of SiO2 surface functionalized with isothiocianate groups 
(Step 2), the same surface after reaction with 3’-amino hairpin oligonucleotide 
sequence (Step 3), the same surface after photolysis and rinsing (Step 5), after 
hybridization with complementary sequence labelled with rhodamine (Step 6a) or 
after hybridization with complementary sequence labelled with 10 nm gold 
nanoparticles (Step 6b). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Assesment of intramolecular versus intermolecular duplex formation by 
photolysis and subsequent hybridization. Two silicon surfaces were functionalized 
with hairpin oligonucleotide A. One surface was photolyzed with UV light (right) 
while the other was not photolyzed (left). Hybridization with the complementary 
oligonucleotide labelled with rhodamine showed a more intense fluorescence at the 
photolyzed surface (right). Inset, are the average fluorescence intensities of the 
unphotolyzed / photolyzed surfaces in arbitrary units (a.u.). 
 
 
 
 
 
 
 
Figure 4. a) Fluorescent image after photo-patterning and hybridization with 
complementary sequence labelled with rhodamine (step 6a). (Inset: Image of the 
calibration mask used in the photolysis) is shown. b) Optical microscopy image after 
photo-patterning and hybridization with complementary sequence labelled with 10 nm 
gold nanoparticles (step 6b). The visible lines are areas that were masked during 
photolysis and hence have no nanoparticles attached. Photography obtained with a 
stereomicroscope with lateral illumination. (Inset: Image of the calibration mask used 
in the photolysis). 
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AFM Images: AFM measurements were carried out in air in tapping mode with a 
10 nm height scale. 
 
 
Figure S1: Representative AFM image of wafer functionalized with -SCN 
groups. 
  
Figure 2S. Representative AFM image of wafer functionalized with hairpin 
oligonucleotide A. 
 
 Figure 3S. Representative AFM image of wafer functionalized with hairpin 
oligonucleotide A after photolysis.  
 
 
 
Figure 4S. Representative AFM image of wafer functionalized with hairpin 
oligonucleotide A after photolysis followed by hybridization with complementary 
sequence B carrying Rhodamine.  
 
 
 Figure 5S. Representative AFM image of wafer functionalized with hairpin 
oligonucleotide A after photolysis followed by hybridization with complementary 
sequence B carrying 5 nm gold nanoparticles.  
 
 
 
 
 
 
 
 
 
 
 
